Observed physical phenomena can be described well by quantum mechanics or general relativity [1, 2] . People may try to find an unified fundamental theory [3] which mainly aims to merge gravity with quantum theory. However, difficulty in merging those theories self-consistently still exists, and no such theory is generally accepted. Here we try to propose a quantum theory with space and time in symmetrical positions in the framework of general relativity. In this theory, Dirac matter fields, gauge fields and gravity field are formulated in an unified way which satisf Dirac equation, YangMills equation and Einstein equation in operator form. This combines the quantum mechanics and general relativity .
I. INTRODUCTION
Two great discoveries of science in 20th century are the theory of relativity [1, 2] and quantum mechanics. At first it looked as if non-relativistic quantum mechanics would be enough to explain the spectrum of the hydrogen atom. However, to explain a finer structure in the spectrum due to the spin of the electron, Dirac [4] introduced his equation, the Dirac equation, by adding spin corrections to the Schrödinger equation [5] . Dirac equation satisfies invariance under special relativity, which can describe a single-particle obeying both relativity and quantum mechanics. This merges the theory of special relativity to quantum mechanics.
Dirac equation is also a field theory describing "fieldlike" objects. Later, the quantum field theory provides a unified framework describing both fields and particles [6, 7, 8, 9] . In 1950s, Yang and Mills [10] introduced a class of quantum field theories known as gauge theories. In 1960s and 1970s, based on gauge theories, the Standard Model [11, 12, 13, 14, 15, 16] and related theories, see [17] for complete references, were proposed for elementary particles and the interactions between them. Up to then, the electromagnetic force, weak and strong nuclear forces are merged into an unified model. While only gravity which is one of the four basic forces in Nature remained outside of this unified framework.
In the past decades, much effort has been put into studying how to combine quantum mechanics with general relativity into a quantum theory of gravity. In the Standard Model and field theory, the motion of point-like particles is described by a graph of its position against time which forms a world-line.
In this work, we start directly from the general relativity, particles and fields are set of "events" which are quantum states of quantum field. An event is like a worldpoint in 4D space-time, a concept first coined by Einstein in which there is no absolute space and time. We propose a quantum theory with general relativity, an event or a quantum state is described by not only a complete set of canonical coordinates or canonical momentums of 4D space in operator formx α ,p α , but also spin operatorsŝ µν and gauge charge operatorsT a . These operators are covariance and constitute a Lie algebra. We then define a covariance derivative operator. In contrast with the derivative operator in Standard Model or in conventional quantum field theory, this covariance derivative operator has frame and connections of general relativity. Then the Einstein equation of general relativity, Dirac equation and Yang-Mill equation are all reformulated by this covariance derivative operator. This provides an unified framework of quantum mechanics and general relativity.
II. ELEMENTARY PARTICLES AND QUANTUM FIELDS
What we study is the all elementary particles and the interactions between them. As usual, they are all named as fields in quantum field theory. The elementary particles are divided into three families as matter particles (Ψ), gauge particles (A) and graviton (g). There is only one type of graviton (g), its mass and gauge charge are zeroes, the spin is 2 in tensor representation.
There are 12 gauge charges, including hyperchargê Y , isospin chargesÎ i , (i = 1, 2, 3) and color chargeŝ λ p , (p = 1, 2, ..., 8). They satisfy the commutation re-
, where ǫ ijk is Levi-Civita symbol, f r pq are structure constants of su (3) group. We use notationst a , (a = 1, 2, ..., 12) to represent those 12 gauge charges ast 1 
Similar as in 3D quantum mechanics, in 4D spacetime, the coordinate and momentum are denoted aŝ x µ andp ν which satisfy the relations [
Here we let the coordinates and momentums be general covariance so that coordinates and momentums transformation and inverse transformation take the formsx
In this sense, we mean those commutation relations are quantum general covariance. In our theory, all physical equations should be quantum general covariance. This can be considered as the generalization of the general covariance from classical case to quantum case and thus can realize the unification between general relativity and quantum mechanics. Under the condition of quantum general covariance, we will present a quantum theory for gravity.
The coordinates and momentum are independent with spin and gauge charges [
III. REPRESENTATION THEORY AND COVARIANCE DERIVATIVE OPERATOR
In our theory, field is described by spin, gauge charges and coordinates-momentum. It is represented as a vector for matter fields or operator for force fields in a space tensor product by coordinate-momentum space, spin space and gauge space,
where coefficients Ψ st (x) in the expansion are defined as
Please note in our representation, spin, gauge and general coordinate-momentum are dealt in the symmetric positions. In quantum mechanics, the time evolution of a quantum state or an operator are described by Schödinger representation or Heisenberg representation, respectively. We may notice that time and space are not symmetric. In comparison for our work, there is no absolute time and space in general relativity, thus four coordinates are dealt symmetrically. The state |e st is an event.
The spin frame formalism takes the formθ =θ
are coordinate functions and momentum functions in spin frame formalism, they satisfy relationsθ Now we define the covariance derivative operator aŝ
This operator has connections of gravity, connections of gauge and spin frame. Thus it can describe all force fields. As in quantum mechanics, when acting on operators, it is represented in the form of commutating calculation, when acting on matter fields, it is represented as an operator acting on quantum states. The covariance differential can take the formD =γ α ⊗D α . We then define the interaction curvature aŝ
andΩ =Ω αβ ⊗ŝ αβ . It is the summation of gravity curvature and gauge curvatureΩ αβ = 
IV. DIRAC EQUATION, YANG-MILLS EQUATION AND EINSTEIN EQUATION
The Dirac equation for matter fields can be written as:
wherem is the mass matrix in gauge space, its eigenvalues are masses of the corresponding elementary particles. The Yang-Mills equation takes the form
where the l.h.s isD αF The Einstein equation takes the form,
where G is gravity constant,T α β is energy-momentum tensor,R we can find gauge current density and the density of production rate appear in the r.h.s, while the gravity field is not involved.
The energy-momentum tensor of gauge fields is defined asτ 
VI. OUTLOOK
A combined and unified description of quantum mechanics and general relativity is very important for physics. It is not only for a fundamental understanding of nature but also it can provide a theory for systems where both quantum mechanics and general relativity is important. We will see in Ref. [18] that with this unified theory we can provide a solution of dark energy of cosmos which is one of the most mysterious problem presently since the dark energy is the main part (around 72%) of our universe. While the dark energy solution will, on the other hand, predict that the elementary particle gluon are massive though its mass is very small. We will also see that this theory will lead to some exciting results such as: mass problem is solved for gauge theory, we can explain the color confinement of quarks, the parity violation for weak interactions, we can find that gravity can cause the CPT violation. Conceptually, we will find that no Higgs mechanism is necessary, while all of our results agree with the basic facts of physics. The detailed presentation of the whole theory is in Ref. [18] .
We believe that this theory can provide a foundation of quantum physics. Thus a lot of problems should be clarified, in particular, our results should agree with all wellestablished results both theoretically and experimentally.
